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Figure 1.—Schematic illustration of the Heusler phase and its relation to B2
   compounds.
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Figure 2.—Lattice parameter of non-stoichiometric NiAl alloys as a function of
   Ni concentration, normalized to their stoichiometric values. The solid
   squares denote results from different investigators (see ref. 1). The lines
   denotes the BFS predictions.
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Figure 3.—(a) The computational cell used to generate the catalogue shown
   in appendix B. (b - c) Two samples of the configurations of NiAl-Ti alloys used
   in this calculation, corresponding to xTi = 11.11 and xTi = 16.67.
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Figure 4.—(a) Energy of formation (in eV/atom) of the cells listed in
   Appendix 2 for 0< xTi < 50. (b) A subset of the configurations listed
   in Appendix 2, for the range 0 < xTi < 25. The circles denote those
   configurations characterized by Heusler ordering, while the solid
   squares include a variety of short-range order patterns as well as
   disordered states.
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Figure 5.—Configurations used for the calculation of Ti site preference
   in NiAl alloys, (a) A Ti atom in an Al site, (b) a Ti atom in a Ni site,
   with the displaced Ni atom occupying a site in the Al sublattice at
   nearest-neighbor distance from the Ti atom, (c) same as before but
   with the Ni atom located at a different site in the lattice, at a distance
   greater than next-nearest-neighbor distance. In all cases, A (B)
   indicates an atom A in a B site, while A(B)C indicates an atom A in a
   B site with the displaced B atom in a C site. the B and C sublattices
   correspond to that of an ordered B2 structure. 
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Figure 7.—Schematic representation of Heusler and Kneen ternary phases. (a) Heusler phase A2BC. (b) Kneen
   phase A2BC.
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Figure 6.—Energies of formation (in eV/atom) for 72 atom cells containing 36
   Ni atoms, 36-x Al atoms and x Ti atoms (x = 1, 2, 5). The different energy
   states correspond to different substitutional defect schemes, as indicated
   in Fig. 5.
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Figure 8.—Lattice parameter of NiAl-Ti alloys as a function of Ti concentration.
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Figure 9.—Final structures of a Monte Carlo/Metropolis/BFS
   simulation on a 1024 atom cell of a Ni-25Al-25Ti alloy. Both,
   initially random, states are obtained by lowering the temp-
   erature in different ways: Fig. 9a shows the final geometry
   for a rapid cooling process, where the final temperature is
   reached by 'freezing' the initial, high temperature, state.
   Fig. 9.b is obtained by slowly lowering the temperature in
   equal 100 K, temperature intervals until the final temperature
   is reached ('cascade' process). The inset includes the
   coordination matrix for the final state of the simulation (see
   text): the element ij in this matrix indicates the probability
   that an atom i has an atom of species j as a nearest-
   neighbor. The labels i, j take the values 1, 2 and 3, corre-
   sponding to Ni, Al and Ti.
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Tfinal = 400 K

Ni-49Al-1Ti

Figure 10.—Final geometry for a cascade simulation (see text) on a
   Ni-49Al-1Ti cell of 1024 atoms. An expanded view of the cell is
   also shown.
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Figure 11.—Results of three consecutive temperature cascades on a Ni-45Al-5Ti
   1024-atom computational cell. The fourth column corresponds to a cascade
   calculation on a larger (4608 atoms) cell.
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First cascade (Tfinal = 500 K)

Second cascade (Tfinal = 100 K)

Ni-40Al-10Ti

Figure 12.—Final geometry for a double cascade process on a Ni-40Al-10Ti
   1024-atom cell. The first expanded cell shows the results of the first cascade
   process, where the cell is slowly cooled at equal temperature intervals from
   an arbitrary high temperature. Then this cell is re-heated and slowly cooled
   again, reaching the final state shown in the second cell.
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(a)

(b)

Figure 13.—(a) Bright-field TEM image of the micro-
   structure of the Ni-47Al-3Ti alloy and (b) corres-
   ponding <110> SADP. The only features observed
   in the alloy were an occasional <100> dislocation
   marked "D" on (a).



NASA TM–113121      59

(a)

(b)

(c)

(d)

Figure 14.—(a) Bright-field and (b) dark-field TEM image of the Ni-45Al-5Ti alloy showing precipitation of fine
   Heusler particles and (c) corresponding SADP and (d) an indexed, simulated pattern.
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Figure 15.—Dark-field TEM image of the Ni-43Al-7Ti alloy showing
   dense precipitation of rectangular-shaped Heusler precipitates.
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Figure 16.—Summary of final states for cascade processes on
   Ni-(50-x)Al-xTi alloys (x = 1, 5, 6, 7, 8, 10, 25) for 1024 atoms cells.
   The Heusler alloy Ni-25Al-25Ti results correspond to a first cascade
   and a third cascade process, highlighting the stability of the heusler
   phase (see text).
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